Recent models of the neural encoding of speech suggest a core role for amplitude modulation (AM) structure, particularly regarding AM phase alignment. Accordingly, speech tasks that measure linguistic development in children may exhibit systematic properties regarding AM structure. Here the acoustic structure of spoken items in child phonological and morphological tasks, phoneme deletion and plural elicitation, was investigated. The phase synchronisation index (PSI), reflecting the degree of phase alignment between pairs of AMs, was computed for 3 AM bands (delta, theta, beta/low gamma; 0.9-2.5 Hz, 2.5-12 Hz, 12-40 Hz respectively), for five spectral bands covering 100 -7250 Hz. For phoneme deletion, data from 94 child participants with and without dyslexia was used to relate AM structure to behavioural performance. Results revealed that a significant change in magnitude of the phase synchronisation index (∆PSI) of slower AMs (delta-theta) systematically accompanied both phoneme deletion and plural elicitation. Further, children with dyslexia made more linguistic errors as the delta-theta ∆PSI increased. Accordingly, ∆PSI between slower temporal modulations in the speech signal systematically distinguished test items from accurate responses and predicted task performance. This may suggest that sensitivity to slower AM information in speech is a core aspect of phonological and morphological development.
Reviewer PDF with line numbers, inline figures and captions JASA_Jan2017_REVISIONv2.pdf INTRODUCTION 45 Classically, the study of children's spoken language acquisition has been investigated 46 using a spectrogram model of the speech signal. The acoustic speech signal is highly 47 complex, and the spectrogram is one way of conceptualising this complexity, depicting the 48 presence of energy across frequency over time. This depiction highlights the importance of 49 rapidly-changing acoustic cues such as voice onset time and formant structure in word 50 formation. Such rapidly-changing cues have consequently been considered the primary basis 51 for language development (e.g., Eimas, 1970) , and for developmental disorders of language 52 learning (e.g., Specific Language Impairment, SLI, and developmental dyslexia; Tallal, 53 2004). However, the speech signal has also been analysed in terms of slower changes in 54 intensity or energy (amplitude modulation, AM) over time, i.e. the speech 'amplitude 55 envelope' (Shannon et al., 1995 , Loizou 1999 ). The slower envelope changes are found to be 56 necessary for speech perception (Kanedera, 1999) and have been successfully modelled in 57 speech comprehension studies (Elliot & Theunissen, 2009 ). Sensitivity to slower AM-related 58 cues may thus also play a role in language learning and developmental language disorders 59 (Goswami, 2011 ). In the current study, the acoustic structure of the amplitude envelope was 60 analysed for two popular child speech tasks, phoneme deletion and plural elicitation. The 61 analyses suggested a core role for the phase synchronisation of slower AMs in the envelope 62 for successful responding in each task.
63
The focus here on the amplitude envelope was motivated by recent neural models of structure of rhyming words showed that delta-rate AMs played a key role in phonological 112 similarity judgements (Leong & Goswami, 2016 ). In the current modelling studies, the aim is 
137
The S-AMPH representation was achieved with a two-stage filtering process,
138
following Leong and Goswami (2016) . First, the raw acoustic signal was band-pass filtered 139 into 5 spectral bands using a series of adjacent finite impulse response (FIR) filters. These 5 140 bands were: (1) 100-300 Hz ; (2) 300-700 Hz ; (3) 700-1750 Hz ; (4) 1750-3900 Hz ; and (5) 141 3900-7250 Hz. Next, the Hilbert envelope was extracted from each of the 5 sub-band filtered 142 signals. These Hilbert envelopes were then passed through a second series of band-pass filters 143 in order to isolate the 3 different AM rate bands. These 3 AM rates are designated here delta (0.9-2.5 Hz), theta (2.5-12 Hz) and beta/low gamma (12-40 Hz). are the instantaneous phases of the oscillations being compared. In equation 1, the PSI is the 
158
The upper pair has a PSI value of 1, the lower pair has a PSI value of 0.4. The temporal synchronisation between the pairs of speech AM bands derived via the 163 S-AMPH (delta-theta; and theta-beta/low gamma) was computed using the same formulae as The S-AMPH modelling approach was applied to the single-syllable words from the 225 phoneme deletion task. As the focus of the analysis was the acoustic cues that describe 226 phonological differences between items, the temporal modulation structure of the items was 
F. S-AMPH Analysis 2: Plural elicitation task

238
The S-AMPH modelling approach was applied to the single-syllable words from the 239 plural elicitation task using the same computational method as in the phoneme deletion task.
240
The acoustic structure of a given item (e.g., wug), and the acoustic structure of the item 241 following pluralisation (e.g., wugs) was described in terms of PSI values for both the delta-242 theta AM bands and the theta-beta/low gamma AM bands respectively. off speaking before the end (Yopp, 1988) . Also, in this case the target 'blue' is a high 263 frequency word for children, which could explain their excellent performance with this item.
264
Finally, the errors that children produced in the phoneme deletion task were explored in terms 265 of their phonological similarity to the target response. 
III RESULTS
268
The results for the phoneme deletion task are discussed in section III A, and the 269 results for the plural elicitation task are in section III B.
A. Phoneme deletion task 271
S-AMPH analysis
272
The result of the S-AMPH two-step filtering process was a 5 x 3 spectro-temporal i.e. ∆PSI(delta-theta) and ∆PSI(theta-beta/low gamma) as described in equation 2.
, where n = 5 spectral bands Equation (2)
292
Thus the ∆PSI has the potential range of 0 -5.
293 Figure 4 shows the mean of the ∆PSI values for all word pairs in the phoneme deletion task.
294
Figure 4 about here. The average magnitude of the ∆PSI for the spoken items before and after pluralisation
353
(also averaged across all 10 word pairs, such as wug-wugs) is shown in Figure 7 for each pair
354
of AM bands (delta-theta; theta-beta/low gamma). As the figure shows, there is a larger ANOVA showed a significant main effect of AM Rate, F(1,9) = 115.6, p <.000, ηρ² = 0.92.
368
The mean PSI value for delta-theta AM synchronisation was significantly larger (mean = AMs accompanying pluralisation.
381
These analyses suggest that the acoustic differences in the temporal modulation Given that recent models of the neural encoding of speech suggest a core role for 
416
The first analysis used the spoken items in a phoneme deletion task, a task frequently 417 used to measure children's phonological awareness. In terms of classic linguistic theory, as 418 this task measures awareness of phoneme-level changes in the speech signal, its acoustic 419 structure should reflect the phonetic segment or distinctive feature level (Stevens, 1980;  faster (beta-and gamma-band) information should be most important for detecting and 422 manipulating phonetic segments and distinctive features (e.g., Giraud & Poeppel, 2012).
423
Counter-intuitively regarding multi-time resolution models, the S-AMPH modelling revealed 424 that the consistent acoustic correlate of phoneme deletion was a greater change in the phase 425 synchronisation index (a greater ∆PSI) between the slower delta-and theta-rate AM bands.
426
The ∆PSI between the faster AM bands (theta and beta/low gamma) did not relate in any 427 systematic way to phoneme deletion for the items studied. In a second analysis, the S-AMPH 428 model was applied to the spoken items in a plural elicitation task, a measure widely-used with 429 children to index the development of inflectional morphology (Berko, 1958 confirmed that this continued to be the case even when the morphemic change was analysed 434 in linguistic terms of adding a phoneme (wug-wugs) versus adding a syllable (gutch-gutches).
435
At the acoustic level, it was thus slow amplitude information that correlated consistently with 436 the inflectional morpheme.
437
Consequently, the analyses suggest that sensitivity to the magnitude of phase set of social learning mechanisms (e.g., Kuhl, 2007) .
468
Regarding the computation of phonology and grammar, the current studies add However, theoretically we predict that the significant change in the phase synchronisation
517
(the ∆PSI) between the tokens used to measure phonological and morphological learning 518 would still be predominantly between the delta-theta AM bands, rather than the theta-519 beta/low gamma AM bands, as was the case for the two example voices analysed here.
520
V. SUMMARY AND CONCLUSIONS
522
In two modelling studies applying an S-AMPH model of the speech signal, the Each point in the figure corresponds to the respective group mean for a particular item pair. 
